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nation occurred to Gold1 of England and Humphreys2 of America. The same subject has also been discussed at length by Emden,3 and by Milne.4 The key to the explanation is this: The temperature of every portion of the atmosphere is determined, in part at least, by counteracting radiation —radiation absorbed and radiation emitted—and wherever these two are equal there is substantial constancy of temperature.
Gold's method of procedure was to take the best-known data concerning atmospheric absorption and radiation and to obtain, by the aid of suitable mathematics, a general solution of the problem. The chief difficulty in the application of this direct and elegant method, apart from the troublesome equations involved, is that due to our imperfect knowledge of the necessary radiation and absorption constants. Numerical values in these particulars are not accurately known and certainly not easy to determine.
On the other hand, the solution offered by Humphreys, while not so direct, reduces the necessary mathematics to a minimum. In brief, it is as follows: Since the average yearly temperature of the atmosphere at any given place does not greatly change, it follows that the absorption of solar radiation by the earth as a whole is substantially equal to the total outgoing earth radiation, and (see Chap. VI) in amount approximately equal to that which a black or perfectly radiating surface, equal in area to the surface of the earth, would emit if at the absolute temperature 252°. Further, since at ordinary atmospheric temperatures water vapor, in considerable quantity, absorbs and, presumably, also radiates substantially as does a black body at the same temperature, while dry air is exceedingly diathermanous, it follows that the planetary radiation of the earth is essentially water vapor radiation.
Now the records of sounding balloons show that at some height, in general about 11 kilometers above sea level in middle latitudes, the average temperature ceases to decrease with increase of height. Individual flights show many peculiarities that call for special explanation, but the purpose here is to consider only the general explanation of the main effect, and therefore average conditions are considered.
If, then, as is approximately true, the temperature does not decrease with increase of altitude above 11 kilometers, it follows that this must be the limit of anything like a marked vertical convection. And from this in turn it follows, since conduction is negligible, that the upper atmosphere must be warmed almost wholly by absorption of radiation, in part solar and in part terrestrial; but exatly how much of the final temperature of the upper atmosphere is due to the one source of heat
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